Sudan grass is less sensitive to water shortage and produces large amounts of biomass. For these reasons, it is a promising summer forage crop for arid and semiarid regions where natural pastures are rare and water scarcity limits summer forage production. e aim of the present work was to investigate the influence of cutting date (early and late, for three cuts) and three nitrogen (N) fertilizer levels (35, 70, and 105 kg N/ha/cut) on Sudan grass (Sorghum sudanense (Piper) Stapf.). e study was carried out in the experimental farm of Faculty of Agriculture, Zagazig University, Egypt, during 2016 and 2017 summer seasons using a split-plot design. e results obtained revealed significant differences between the two cutting dates on growth, forage yield, and quality of Sudan grass. e late cutting date (56 days after sowing DAS and 42 days after the 1 st cut) gave the highest values for almost all the growth characters, dry forage yield in addition to total dry yield (TDY) in both seasons. e highest number of shoots/plant (1.911), leaf area/plant (2841.6 cm 2 ), and dry forage weight (g)/plant (76.65 g) were obtained by late cutting (56 DAS) with the application of 105 kg N/ha/cut. e lowest values of these characters were recorded with 35 kg N/ha/cut. Quality parameters were significantly affected by N levels during both seasons, while cutting date significantly affected the protein yield (kg/ha). e interaction result apparently indicated that the highest dry forage yield of Sudan grass (16.26 ton/ha) was achievable at the 1 st cut with the application of the highest N level (105 kg N/ha/cut).
Introduction
Sudan grass is a promising summer forage crop essentially in arid and semiarid regions as it is less sensitive to water shortage and produces large amounts of biomass [1] . In Egypt, livestock rearing suffers from feed deficiency because of the growing competition between the production of human food and animal feed. e problem reaches the peak during summer seasons, at this time Egypt faces lack of forage supply that can support its 18.4 million head of livestock, mostly cattle and buffaloes, i.e., dairy and beef [2] . Current efforts directed by local forage producers are chiefly focused on increasing the productivity and quality of some of the favorable annual forage crops such as Sudan grass, fodder maize, or millets [3, 4] . Sudan grass (Sorghum sudanense (Piper) Stapf.) stands as an important short-term high dry yield. In this context, improving the growth, forage yield, and quality of Sudan grass requires the adoption of suitable agronomic practices among which cutting time and nitrogen fertilization are important [8, 9] . Field observations and research findings have established that earlier cutting of sorghum plants would provide higher quality, while late cutting could produce higher forage yield [5, 10, 11] . Moreover, most farmers usually decide to harvest their forage crops more or less dependent on market demand without consideration to proper cutting time that can produce highest forage attributes [12] . erefore, choosing the best cutting date should be managed, particularly that Sudan grass is a multicut crop. Furthermore, nitrogen as an essential nutrient needed by plants is much required for improved agronomy of Sudan grass under the agroclimatic and deprived soil conditions in dry areas [13] . Egypt agricultural soils are known for acute deficit in nitrogen content [14] . us, provision of the most adequate levels of N can be of great importance to profuse the growth and maximize the yield and quality components in Sudan grass. e present investigation was therefore carried out to evaluate the performance of Sudan grass to cutting dates and nitrogen fertilizer levels under the semiarid agroclimatic conditions of El-Sharkia Governorate in Egypt.
Materials and Methods
Two field experiments were conducted during two consecutive summer seasons 2016 and 2017 on clay soil at the experimental farm of the Faculty of Agriculture, Zagazig University at Sharkia Governorate, Egypt (30°6′ N and 31°6′ E). Soil samples from 30 cm depth were taken to determine the physical and chemical properties of the soil (Table 1 ). In addition, meteorological data, i.e., averages of minimum and maximum air temperatures and relative humidity during the growing period (from April to September in the first and second seasons), are presented in Table 2 . Treatments consisted of two cutting dates (early and late) and three nitrogen levels (35, 70 , and 105 kg N/ ha/cut) using a Sudan grass cultivar Giza-2. e early cutting date in the 1 st cut was taken at 49 DAS, and the late cutting was taken at 56 DAS. e early and late cutting dates in the 2 nd cut were taken after 35 and 42 days from the 1 st cut, and the same schedule was done for the 3 rd cut, respectively. e experiments were laid out in a split plot design with three replications, where cutting dates were assigned to the main plots and nitrogen fertilizer levels occupied the sub plots. e preceding crop was faba bean (Vicia faba L.) during both seasons. Grains of the Sudan grass Giza-2 were sown on April 28 th and May 20 th in the first and second seasons, respectively. Sowing was done in hills on rows, with 10 cm distance between hills and 60 cm between rows. e experimental plot area was 10.5 m 2 , i.e., 2.5 m width and 4.2 m length, with each plot containing 7 ridges. inning was done at 14 DAS leaving two plants per hill to obtain a population of 140,000 plants/ha. Nitrogen fertilizer was applied in the form of ammonium nitrate (33.5% N), while weed control was carried out manually using hoes. A surface irrigation system was used, and the other culture practices for the crop were applied according to the recommendations of Ministry of Agriculture.
Recorded Data

Growth Characters.
In order to measure the studied growth characters, five guarded plants were randomly taken from the 2 nd and 6 th ridges of each plot, respectively.
3.1.1.
e Vegetative Measurements. e vegetative measurements such as the number of shoots per plant, leaf area per plant (cm 2 ), and dry forage weight per plant (g) were calculated using the following equation:maximum length-× maximum width × 0.72 × number of leaves per plant.
Forage
Yield. Dry forage yield (ton/ha) was determined in the lab using a 500 g subsample collected from 2 International Journal of Agronomy the fresh weights, oven dried at a constant temperature of 70°C for 48 hours accordingly.
Forage Quality.
Forage quality was determined on the samples of the 1 st and 2 nd cuts only, in both seasons. e crude protein content (CP%) in leaves and stems was determined using the modified Kjeldahl method and by multiplying the nitrogen percentage by 5.75 the protein content can be obtained accordingly [15] . Protein yield (kg/ ha) was estimated using the following formula: forage dry yield (ton/ha) × CP%.
Statistical Analysis.
Data of the two seasons were statistically analyzed according to the methods outlined by Steel et al. [16] , whereas the significance of differences among various means of different characters under the study was compared with the help of Duncan's multiple range tests [17] .
Results and Discussion
Results of the two seasons were displayed separately due to the variation in the sowing date (April 28 th and May 20 th in the first and second seasons, respectively). Considering this variation, no combined result was therefore introduced.
Growth Characters
Number of Shoots per
Plant. e number of shoots per plant is an important yield contributing character that may affect the forage yield of Sudan grass. Results obtained in Table 3 show that the number of shoots per plant significantly is affected by cutting date in all cuts in the first season and 2 nd cut in the second season. e highest number of shoots per plant (1.911, 1.637, and 1.581) was recorded at the 1 st late cutting (56 DAS) and 2 nd and 1 st early cutting (35 days after 1 st cut and 49 DAS) in the first season. However, results clearly indicated that the early cutting date was in favor of obtaining higher number of shoots per plant compared to late cutting in both seasons. e present finding suggests that the earlier cutting date of Sudan grass coincides with higher tillering, which may stimulate more number of shoots per plant, respectively. ese results are comparable to those obtained by Sowiński and Szydełko [18] , uranira et al. [9] , and Ibrahim et al. [5] . Consequently, N fertilizer levels recorded significant differences in both seasons. e mean-through was significantly increased as the N level was increased from 35 up to 105 kg N/ha/cut. e relative increase in the number of shoots per plant due to the increased N level up to 105 kg N/ha/cut was 76.65%, 88.55%, and 88.60% in the 1 st , 2 nd , and 3 rd cuts in the first season, as well as 61.37% and 56.95% at the 2 nd and 3 rd cuts during the second season, respectively. ese results prove the positive response in Sudan grass to higher applied N level 105 kg N/ ha/cut which resulted in increased number of shoots per plant (Table 3 ). Furthermore, the interaction results between cutting date and N fertilizer levels on the number of shoots per plant were highly significant for all the cuts in the first season, while nonsignificant during the second season.
Based on the significant interaction, the highest number of shoots per plant (2.40) was obtainable by late cutting at the 1 st cut in the first season under application of the highest N level (105 kg N/ha/cut) ( Figure 1 ). Mahmoud et al. [19] reported similar findings, which emphasized the role of externally supplied N in enhancing the vegetative growth in sorghum forage crop. In addition, Ibrahim et al. [5] reported relevant response in all the growth attributes and yield of this sorghum Sudan grass cultivar Giza-2 (Sorghum sudanense (Piper) Stapf.) under the N level of 45 kg N/fad/cut.
Leaf Area (LA) (cm 2 ) per Plant.
e leaf area (LA) parameter is an important vegetation variable that affects light capture by crop, thus stimulating photosynthesis and carbohydrate production [20] . e results obtained revealed highly significant differences for early and late cutting dates in both seasons (Table 3) . Obviously, over the three cuts, early cutting taken (35 days after 1 st and 2 nd cuts, respectively) recorded higher LA per plant values (1140.3, 2648.9, and 1060.6 cm 2 ) at the 3 rd cut in the first season and the 2 nd and 3 rd cuts in the second season, whereas late cutting produced the highest LA values per plant (2841.6, 1648.2, and 2573.8 cm 2 ) in the 1 st and 2 nd cuts (56 DAS and 42 days after the 1 st cut) in the first season, as well as in the 1 st late cutting (56 DAS) of the second season, respectively. Cutting on 56 DAS gave the maximum LA (2841.6 cm 2 /plant) at 1 st cut in the first season, while the minimum LA (947.10 cm 2 /plant) was recorded at the 3 rd late cutting (42 days after 2 nd cut) in the second season (Table 3) . Earlier, Mughan et al. [21] noticed that the leaf development in sorghum plants was linearly associated with the growing point by day. However, the present results indicated that Sudan grass LA seems to reach the largest possible with crop growth until the first cut and then drops back at the second and third cuts. e highest LA obtained during late cutting dates could be due to extra growing time (seven more days after early cutting), which might have allowed for more vegetative growth and development. ese results are in consistent with those ascribed by Yagoub and Abdelsalam [22] , Atis et al. [10] , and Ibrahim et al. [5] . Regarding the influence of N fertilizer levels, data obtained ( Table 3) showed highly significant differences among applied N levels in both seasons. Apparently, application of the highest level (105 kg N/ha/cut) significantly produced the largest LA (cm 2 ) per plant, such as 3303.9 cm 2 , 1880.8 cm 2 , and 1222.7 cm 2 at the 1 st , 2 nd , and 3 rd cuts in the first season, respectively. While expectedly, the smallest LA values were attained by the application of the lowest level (35 kg N/ha/cut). e same trend was detected in the second season. Relative increase in LA (cm 2 ) per plant due to the increased N level from 35 to 105 kg N/ha/cut was43.7%, 72.05%, and 45.98% at the 1 st , 2 nd , and 3 rd cuts, respectively. On the other hand, the obtained results revealed a highly significant effect for the interaction between cutting date and N fertilizer levels on the LA per plant across all the cuts in both seasons, whereby the maximum LA per plant (3348.2 cm 2 ) was achievable in the 1 st late cutting of the first season, with application of the highest N level (105 kg N/ha/cut) ( Figure 2 ). e significant increase in LA with increased N fertilizer levels could be attributed to the significant role by N availability in triggering the photosynthetic and metabolic activities in the crop, which accelerated the vegetative growth and thus produced a wider LA per plant. Reports in [5, 19, 23] indicated similar conclusions. Table 3 show highly significant differences between early and late cutting dates on the dry forage weight (g)/plant of Sudan grass in all cuts during both seasons. It is evident from the results that the dry forage weight significantly increased with late harvesting of the crop (56 DAS and 42 days after the 1 st cut, respectively) compared to that of the early cutting date, excluding the 3 rd cuts in both seasons, whereby early cutting (35 days after the 2 nd cut) gave higher values. In both seasons, the highest dry forage weight (76.65 (g)/plant) and the lowermost dry forage weight (20.52 (g)/plant) were obtained Significance level between the treatments, whereby 'a' is higher than 'b', 'b' higher than 'c', and 'ab' is of equal significance, in the respective order. at the 1 st and 3 rd cuts at the late cutting date (56 DAS and 42 days after the 2 nd cut) in the second season accordingly. It could be explained from these results that, the more the Sudan grass plants advance in age with delayed cutting, the more the growth attributes such as the number of shoots and extra leaf area, therefore reflecting in more fresh weight and eventually high dry forage weight (g)/plant. is finding is quite useful if the target of crop production is higher forage yield. On the other hand, N fertilizer levels effect reflected highly significant differences in all the cuts in both seasons (Table 3 ). It was obvious that dry forage weight (g)/plant had increased with increased N levels. However, the highest values of the character were produced by application of the highest N level (105 kg N ha/cut) in both seasons, excluding the 1 st cut in the second season where no significant differences between using 35 and 70 kg N/ha/cut were detected. ese outcomes show that, N supply is essential for ensuring a significant increase in the dry forage weight per plant of Sudan grass crop. Consequently, the interaction data between cutting date and N fertilizer levels on the dry forage weight per plant showed a highly significant effect for all cuts during both seasons, excluding the 3 rd cut in the second season. From the interaction results, the highest attainable dry forage weight (81.387 g) was recorded at late cutting in the 1 st cut of the second season under the highest applied N level (105 kg N/ha/ cut), respectively ( Figure 3 ). Earlier, Yagoub and Abdelsalam [22] reported a significant increase in the dry forage weight of forage sorghum (Sorghum bicolor L Moench cv. Abusabien) with increased N application. More recently, Nirmal et al. [24] confirmed a significant increase in the forage weight (g)/plant of sorghum (Sorghum bicolor (Moench) L.) with a higher N level (125 kg N/ha) compared to lower levels (50, 75, and 100 kg/N/ha), respectively. ese results are in line with those reported by Moghimi and Emam [25] , El Zubair et al. [26] , and Somashekar et al. [27] .
Dry Forage Weight (g) per Plant. Results illustrated in
Forage Yield
Dry Forage Yield (tons/ha).
e cutting date had significantly affected the dry forage yield (ton/ha) of Sudan grass at the 3 rd cut in the first season, and the 1 st and 2 nd cuts in the second season, respectively (Table 3 ). However, differences between early and late cuttings reached no significant level at both the 1 st and 2 nd cuts in the first season and the 3 rd cut of the second season accordingly. Generally, the maximum obtained dry yield (ton/ha) values were recorded on late cutting compared to early cutting in both seasons. In the first season, delayed cutting (42 days after the 2 nd cut) gave higher dry forage yield of 5.07 ton/ha compared to early cutting (35 days after the 2 nd cut) which gave 4.16 ton/ha. Also, in the second season, late cuttings at the 1 st and 2 nd cuts (56 DAS and 42 days after the 1 st cut) produced significantly the highest dry forage yield values (10.00 and 9.09 ton/ha) in addition to TDY (21.55 ton/ha), respectively. e present results indicated that delaying the first cut of Sudan grass produced higher dry forage yield; however, a decrease in yield was noticed in the successive 2 nd and 3 rd cuts accordingly (Table 3 ). Ramamohan [28] had previously confirmed a decreased trend in the dry yield values in forage sorghum over three cuts. Dry yield is fundamental for vital carbohydrate components in forage crops to provide energy for livestock. Deciding the most proper cutting date for sorghum Sudan grass that target higher dry forage yield should be a priority to forage producers. ese findings conform to reports by Machicek [7] who concluded that cutting forage sorghum (Sorghum bicolor (L.) Moench) at 90 DAS compared to 30 or 45 DAS produced significantly higher dry yield production. Furthermore, N fertilizer levels registered significant differences at all cuts in both seasons. Results obtained in Table 3 indicate that dry yield was significantly and steadily increased with the increasing N levels from 35 up to 105 kg N/ha/cut, respectively. Application of the highest N level (105 kg N/ha/cut) produced significantly the highest dry yield (ton/ha) values during both seasons. Subsequently, the lowest values of these characters were recorded with application of the lowest level 35 kg N/ha/cut. Yet, the increase in dry forage yield (ton/ha) with increased N levels could be attributed to the high response by Sudan grass crop to higher N levels, which resulted in enriched growth characters such as more number of shoots per plant, more leaf area per plant, more dry forage weight per plant, and eventually high dry forage yield of Sudan grass per unit area. Considering the poor soil conditions in Egypt and similar areas, attesting the most appropriate N quantity and role to maximize the yield in summer forage crops is agronomically and economically important. So far, the interaction result between the studied factors revealed a significant effect on dry forage yield at the 1 st cut in the first season (Figure 4 ) in which the highest dry yield value (16.26 ton/ha) was achievable by cutting Sudan grass under the late cutting date (56 DAS) with application of the highest N level (105 kg N/ha/cut). According to Afzal et al. [8] , increasing the N dose from zero to 50, 75, and 100 kg N/acre increased the dry weight of sorghum forage. Also, Sharajabian and Soleymani [29] obtained the highest total dry matter of forage sorghum (Sorghum bicolor L.) by addition of the top N level (240 kg N/ha). Similarly, Abo-Zeid et al. [30] reported a significant increase in Sudan grass dry forage yield as N rates were increased from 50 to 75 and then to 100 kg N/fad. International Journal of Agronomy Table 4 show the effect of the cutting date and N fertilizer levels on the CP% in Sudan grass. However, though differences between the applied cutting dates did not reach the level of significance, yet the obtained CP% values are within the range of this quality parameter in Sudan grass as reported earlier in [5, 31] . According to McCuistion [32] , based on nutrient composition for ruminants (dairy and beef ), the recommended CP% falls between 10.53 and 12.60%. e present insignificant results are contrary to those of Atis et al. [10] and Ibrahim et al. [5] who reported significant effects regarding the cutting time on the CP%, which could be due to variances in agroclimatic conditions and soil fertility. Nevertheless, Afzal et al. [8] stated that delayed cutting of Sudan grass may increase the yield but the overall quality will be dropped. However, Machicek [7] pointed out that forage quality parameters of sorghum (Sorghum bicolor (L.) Moench) were sacrificed when cutting at 90 DAS compared to 45 DAS. Regarding the influence of N fertilizer levels, the results showed significant differences at both cuts in both seasons, whereby increasing the N fertilizer level from the lowest level up to the highest level caused significant increase in the CP% (Table 4 ). Significantly, the highest CP% was obtained by application of the uppermost N level (105 kg N/ha/cut). However, no statistical differences observed between the use of neither 70 nor 105 kg N/ha/cut at the 1 st cuts in both seasons on this parameter. Otherwise, increasing the N level was in favor of increased CP% in Sudan grass under the study. Our findings hereby highlight that, agronomy practices that secure increasing the quality content in high yielding annual fodder species such as Sudan grass are beneficial to improve forage palatability and digestibility. is could be due to N being a structural component in amino acids makeup, which contributes to the buildup of proteins. Similar remarks on the increased crude protein content with increased N levels were reported by Midha et al. [33] , El Shafey [34] , Ibrahim et al. [5] , and Naik [35] . Table 4 disclose that Sudan grass protein yield (kg/ha) was significantly affected by differences between the early and late cutting date in the first season. Nevertheless, differences reached the nonstatistical level during the second season. Obviously, the early cutting date (35 days after the 1 st cut) gave significantly a better result than late cutting for this important quality parameter. Achieved protein yield (kg/ha) was higher (566.4 kg/ha) at early cutting in the 2 nd cut (35 days after the 1 st cut) compared to that of late cutting at the same 2 nd cut [8] previously confirmed a similar finding that despite delayed cutting might increase the yield, yet the overall quality of Sudan grass may fall. Abo-Zeid et al. [30] and Hassan et al. [36] had reached similar conclusions. While N levels on the other hand recorded highly significant and significant differences across the two cuts (Table 4) . Plainly, increasing the N fertilizer levels up to the highest level (105 kg N/ha/cut) produced significantly the highest protein yield values, but with moreover no differences between 70 and 105 kg N/ha/cut levels at the 2 nd cuts in both seasons. Regarding the interaction effect, the data showed a significant interaction between cutting date and N fertilizer levels on the protein yield (kg/ha) of Sudan grass in the 2 nd cut of the second season, where the application of the uppermost N level (105 kg N/ha/cut) under either early or late cutting significantly increased the mean value protein yield (kg/ha). Otherwise, these results show that increasing the level of N fertilizer was in favor of increasing the protein yield (kg/ha) in Sudan grass under the present investigation. Nitrogen fertilization has been suggested to improve not only the yield but also the crude protein content and consequently the protein yield of multicut forage sorghum, of which Sudan grass is an important family member. Iptas and Brohi [37] earlier reported that the CP% and yield in forage sorghum Sudan grass were not significantly affected by N levels at the 1 st and 3 rd cuttings but were significantly affected at the second cutting. Nevertheless, comparable findings on increased crude protein and protein yield with increased N levels were reported by Anfinrud et al. [23] , Moghimi and Emam [25] , Naik [35] , and Ibrahim et al. [5] .
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Conclusion
(1) Delayed cutting of Sudan grass was in favor of obtaining a significantly greater leaf area per plant and heavier dry forage weight (g)/plant. However, the number of shoots per plant seems to decrease with late cutting. (2) Dry forage yield of Sudan grass increased with delayed cutting, as the highest dry forage yield (ton/ ha) was significantly achieved at the late cutting date compared to early cutting. (3) e crude protein content and protein yield of Sudan grass increased significantly with increased N fertilization, while early cutting produced higher protein yield. (4) Sudan grass proved a high response to nitrogen fertilization as the growth, forage yield, and quality parameters were significantly increased with increased N fertilizer levels.
Considering the present findings, it is concluded that Sudan grass should be best cut at 56 DAS for the 1 st cut and then after 42 and 35 days interval for the 2 nd and 3 rd cuts, respectively, with application of 105 kg N/ha/cut as the optimum level for enriched growth, yield, and quality performance under respective agroclimatic conditions.
Data Availability
e previous studies cited at relevant places within the text are, respectively, documented in references, while any further information on findings of this study is available at any time from the corresponding author upon request.
